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Abstract
Background:  Despite considerable knowledge about musculoskeletal disorders (MSD) and
physical, psychosocial and individual risk factors there is limited knowledge about physical activity
as a factor in preventing MSD. In addition, studies of physical activity are often limited to either
leisure activity or physical activity at work. Studies among military personnel on the association
between physical activity at work and at leisure and MSD are lacking. This study was conducted to
find the prevalence of MSD among personnel in the Royal Norwegian Navy and to assess the
association between physical activity at work and at leisure and MSD.
Methods: A questionnaire about musculoskeletal disorders, physical activity and background data
(employment status, age, gender, body mass index, smoking, education and physical stressors) was
completed by 2265 workers (58%) 18 to 70 years old in the Royal Norwegian Navy. Multiple
logistic regression with 95% confidence intervals was used to assess the relationship between
physical activity and musculoskeletal disorders.
Results: A total of 32% of the workers reported musculoskeletal disorders often or very often in
one or more parts of the body in the past year. The most common musculoskeletal disorders were
in the lower back (15% often or very often), shoulders (12% often or very often) and neck (11%
often or very often). After adjustment for confounders, physical activity was inversely associated
with musculoskeletal disorders for all body sites except elbows, knees and feet.
Conclusion: The one-year prevalence of musculoskeletal disorders among workers in the Royal
Norwegian Navy was rather low. A physically active lifestyle both at work and at leisure was
associated with fewer musculoskeletal disorders among personnel in the Royal Norwegian Navy.
Prospective studies are necessary to confirm the cause and effect in this association.
Background
Musculoskeletal disorders (MSD), defined as self-reported
musculoskeletal symptoms [1], are common and may
result in suffering among individuals and have economic
effects on society [2-4]. Despite considerable knowledge
about MSD and physical, psychosocial and individual risk
factors [5-7] little is known about physical activity as a fac-
tor in preventing MSD. The definition of physical activity
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has varied between numerous investigators and has also
resulted in a high degree of variability of measurable units
[8]. Lifestyle physical activity is one expression used that
includes all leisure, occupational or household activities
that are at least moderate to vigorous in intensity and can
be planned or unplanned activities that are part of every-
day life [9].
Physical activity is often recommended for preventing sev-
eral diseases, including MSD [10], and incontrovertible
evidence indicates that regular physical activity contrib-
utes to preventing cardiovascular disease and other
chronic conditions [11]. Review studies on dose-response
relationship between physical activity and health con-
clude that several health parameters are related to the
amount of physical activity in a graded fashion [11,12].
Guidelines on physical activity recommend longer dura-
tion of moderate-intensity physical activity to achieve the
same health benefits as for vigorous intensive activities
[13]. However, whether physical activity prevents MSD is
still not clear, and studies of physical activity are often
limited to either leisure activity or physical activity at
work. A review study on worksite physical activity pro-
grammes concluded with positive effect on MSD [14]. On
the other hand, studies on the association between leisure
physical activity and MSD show inconsistent results [15].
Hoogendoorn et al [16] claimed no evidence for the effect
of physical activity during leisure time on low back pain,
whereas Vuori [17] concluded that leisure physical activity
is effective in preventing low back pain. Sustained sport-
ing activities seem to favourably affect neck and shoulder
symptoms [18]. However, sporting activities and physical
training are also sources of musculoskeletal injuries [19].
Musculoskeletal injuries are defined as any physical com-
plaint sustained by a person as a result of sport training
[20], and many of these might be included among self-
reported MSD.
Physical fitness for duty is an important military medical
component for readiness and an integral part of the fit and
healthy force pillar of health protection [21]. Improved
physical fitness might help prevent MSD. However, some
studies conclude with a high prevalence of MSD among
military personnel [22-24], and MSD are the most preva-
lent source of disability among United States Army sol-
diers and Navy personnel [21,25]. Several studies describe
frequent musculoskeletal injuries caused by physical
training among military personnel [26-29]. We could not
find studies on the association between physical activity at
work and at leisure and MSD among military personnel.
In the Royal Norwegian Navy the employees are allowed
to perform physical exercise 2 hours per week in their
workday hours. The employees are both military and civil-
ians. The military personnel are required to pass an
annual fitness test, whereas the other group is not [30].
The possibility for physical activity among the employees
might have an impact on MSD. We hypothesized more
physical activity to be associated with less MSD among the
Navy personnel.
This study aimed:
￿ to determine the prevalence of self-reported MSD
among military personnel and civilians in the Royal Nor-
wegian Navy; and
￿ to assess the association between physical activity at
work and at leisure and MSD.
Methods
Subjects
In 2002, all employees working in the Royal Norwegian
Navy (3878 persons) were invited to answer a self-admin-
istered questionnaire about MSD as part of a study on
work and health in the Navy. The name, address and
National Insurance number were preprinted on the form.
The questionnaire was returned directly to the research
group at the University of Bergen. The questionnaire was
completed by 2265 workers (58%) 18 to 70 years old.
There were 1657 (74%) military personnel and 593
(26%) civilians.
The questionnaire and variables
Musculoskeletal disorders
MSD were recorded according to a modification of the
Standardized Nordic Questionnaire [1]. The questions
about MSD were phrased as follows: "Have you had com-
plaints (pain or discomfort) the past 12 months in your
__?" The list included the neck, shoulders, elbows, hands,
upper back, lower back, hips, knees and feet. A five-point
response scale "never, seldom, sometimes, often, very
often" was used. The frequency of symptoms as response
options for low back pain has been tested to correspond
well with the number of days with symptoms [31].
Physical activity
Information on physical activity was obtained for both
work time and leisure time, based on a questionnaire used
in several Norwegian surveys [32]. The amount of physi-
cal activity at work was measured with the following ques-
tion: "How much physical activity have you had during
work in the past year (average per week)?" Two scales were
provided, (1) heavy activity with sweating and heavy
breathing and (2) light activity without sweating and
heavy breathing. The respondent was asked to tick off one
of the following options for each scale: "none", "less than
1 hour", "1–2 hours" and "3 hours and more". The same
question was repeated for leisure time. For physical activ-
ity, a scale ranging from 0 to 18 was created. Heavy activityBMC Musculoskeletal Disorders 2007, 8:56 http://www.biomedcentral.com/1471-2474/8/56
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with sweating and heavy breathing counted twice as much
as light activity without sweating and heavy breathing.
This scale was categorised into 0–4 as low activity, 5–12 as
moderate activity and 13–18 as high activity.
Other variables
Background data included age, gender, height, weight,
smoking status and education as well as physical stressors
at work and at leisure. Education was categorised into: 9–
12 years of education, 12–14, 14–16 and ≥16 years. Naval
college years were included in the years of education, also
when taken as supplementary education. Smoking was
categorised into "smoker" and "non smoker". Body mass
index (BMI) was calculated from height and weight (body
weight in kg/(height in m)2) and categorised as defined by
WHO: < 25 (only six had < 20), 25 to < 30 and ≥30 [33].
Physical stressors were determined by asking: "Have you
in your work in the Navy now or previously been exposed
to: a) heavy lifting; b) twisted positions; or c) working
with arms above shoulder height?". The same questions
were repeated for work and leisure outside the Navy. A
five-point scale ranging from "never" to "very much" (0–
4) was used for each question. The 6 physical stressors
questions were transformed into a physical stressors index
ranging from 0 to 24. The physical stressors index was
characterised as very low for scores 0–4, low for 5–8, high
for 9–12 and as very high for scores 13–24.
Statistical methods
The MSD variables were dichotomized into often or very
often (scores 4–5) and never, seldom or sometimes
(scores 1–3). On the five-point scale from "never" to "very
often", it has been suggested that workers who report
MSD "often" or "very often" from one or more parts of the
body should be classified as having significantly impaired
health [34]. Descriptive statistics were performed to assess
the prevalence of MSD.
To compare number of workers within each category of
physical activity and number of workers with MSD, we
used χ2 tests and tested the linear by linear association
between the two variables. Differences in MSD between
military and civilian, age, BMI, smoking, education, phys-
ical stressors index and physical activity were compared
using t-tests and Pearson χ2 test. The results are reported as
means or proportions.
To study the relationship between physical activity and
MSD, multiple logistic regression analysis was carried out
for each body region separately, adjusted for known con-
founders. The list of confounders included age [35], gen-
der [36], BMI [35-37], smoking status [38] education [39]
and physical stressors [5] in addition to employment sta-
tus (military/civilian). The logistic regression analysis was
repeated excluding the answers to the questions about
light physical activity to see whether the estimates of the
association between physical activity and MSD changed.
This means that only the answers to heavy physical activ-
ity were included to calculate the physical scale. To be able
to compare the estimates when and when not including
light physical activity we kept the scale range from 0 to 18.
The analyses were performed using the SPSS 13.0 compu-
ter package. The significance limit was set at P = 0.05. The
Regional Committee for Medical Research Ethics, Western
Norway, cleared the study protocol, and the Norwegian
Data Inspectorate approved the study.
Results
Characteristics of the study population
Similar to the mean age in the total Navy population, the
mean age among the respondents was 38 years (Table 1).
Among military men the mean age was 36 years (range
19–62), among military women 29 years (range 19–53)
and among civilians 47 years for both men and women
(range 18–70). Eleven per cent of the respondents were
women, and the according number in the total Navy pop-
ulation was 12%. Twenty-seven per cent of the workers
were smokers, and 57% of the workers had a BMI exceed-
ing 25. On the 0 to 18 point scale, the military personnel
reported more physical activity (mean = 9.6, median =
9.0) than the civilians (mean = 8.4, median = 8.0). Mili-
tary personnel and civilians differed in physical activity at
the same relative level both at work and at leisure (t-test,
P < 0.001). Among all workers 92% had performed some
heavy physical activity each week the past year. We ana-
lysed each question in the physical stressors index and
found that civilians reported more twisted positions
(Pearson χ2, P = 0.001) and work above shoulder height
(Pearson χ2, P < 0.001) both in the Navy and outside the
Navy, but not more heavy lifting.
Prevalence of musculoskeletal disorders in the Navy
A total of 85% of the employees in the Royal Norwegian
Navy had experienced pain or other discomfort in one or
more of the nine defined parts of the body during the past
12 months; 32% reported MSD often or very often in one
or more parts of the body. The most common MSD were
in the lower back (15% often or very often), shoulders
(12% often or very often) and neck (11% often or very
often). Civilians reported more MSD (often or very often)
than military personnel in all parts of the body (Pearson
χ2, P < 0.05) (Fig. 1). Women had more MSD (often or
very often) than men in all parts of the body (Pearson χ2,
P < 0.05) except for knees and feet (data not shown).
Physical activity and musculoskeletal disorders
Table 2 shows the number of workers within each cate-
gory of physical activity and the corresponding numberBMC Musculoskeletal Disorders 2007, 8:56 http://www.biomedcentral.com/1471-2474/8/56
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with MSD often or very often from nine parts of the body.
More physical activity was associated with a lower fre-
quency of MSD. Test of the linear trend showed a signifi-
cant association between physical activity and MSD in all
parts of the body (P < 0.05), except for knees and feet.
In the logistic regression analysis (Table 3), physical activ-
ity was inversely associated with MSD often or very often
in the neck, shoulders, hands, upper back, lower back and
hips when adjusted for age, gender, BMI, smoking, educa-
tion, employment status (military/civilian) and physical
stressors. When the data on light physical activity were
excluded from the analysis the odds ratios for the inversed
associations between physical activity and MSD were
slightly reduced: neck 0.94 (95% CI 0.91, 0.98), shoulders
0.96 (95% CI 0.93, 0.99), hands 0.96 (95% CI 0.91,
1.01), upper back 0.96 (95% CI 0.92, 1.00), lower back
0.97 (95% CI 0.94, 1.00) and hips 0.93 (95% CI 0.89,
0.98).
To illustrate how a change in the physical activity scale
(including both light and heavy physical activity) would
affect the odds ratio of MSD, we have calculated the fol-
lowing example: A difference in the physical activity scale
of six points, such as 4 points versus 10 points, would
mean the difference between a person with 1–2 hours of
light physical activity both at work and at leisure com-
pared with a person with an additional 3 hours of strenu-
ous physical activity. In this case a higher physical activity
would reduce the odds ratio of having MSD often or very
often as follows: for the neck 36%, shoulders 30%, hands
34%, upper back 36%, lower back 28% and hips 48%.
Physical activity was not associated with MSD (often or
very often) in the elbows, knees and feet.
Being civilian versus military personnel was associated
with more MSD (often or very often) in the neck and
lower back (Table 3). Increasing age was associated with
more MSD in the neck, shoulders, elbows, hands, lower
back and hips. Women had more MSD in all parts of the
body except the elbows and feet. Physical stressors were
significantly and positively associated with MSD in all
parts of the body except elbows and feet.
Discussion
The study demonstrated a relationship between higher
physical activity and less reported MSD. The significant
associations were found between physical activity and
reported MSD in all parts of the body, except elbows,
knees and feet when adjusted for employment status, age,
gender, BMI, smoking, education and physical stressors.
Light physical activity strengthened the inverse associa-
tion between physical activity and MSD.
A comparable study among aluminium workers in Nor-
way also found a relationship between higher physical
activity and less reported MSD without differentiating
between light and heavy activity [40]. However, this study
was limited to physical activity during leisure. The finding
that light physical activity was associated with less MSD,
is supported by studies on other health benefits [11]. A
volume of exercise half the amount of physical activity
that is currently recommended [13] may be of importance
for several health outcomes. Anyway, since the majority of
Table 1: Background data and differences between military and civilians (missing not shown) (n = 2265).
Total Military personnel Civilians P
Gender
Male (%) 2001 (88.9) 1550 (94.1) 438 (74.2)
Female (%) 250 (11.1) 97 (5.9) 152 (25.8)
Age, mean (years) 38.3 35.2 46.9 P < 0.001*
Physical activity, mean (0–18) 9.3 9.6 8.4 P < 0.001*
Physical stressors index (0–24) P < 0.001**
Very low (0–4) 377 (17.0) 247 (15.1) 129 (22.8)
Low (5–8) 815 (36.7) 655 (39.9) 156 (27.5)
High (9–12) 693 (31.2) 519 (31.6) 169 (29.8)
Very high (13–24) 338 (15.2) 220 (13.4) 113 (19.9)
Body mass index, mean 25.9 25.8 26.1 P = 0.11*
Smoking P = 0.002**
Non-smoker (%) 1638 (73.2) 1231 (74.9) 396 (68.2)
Smoker (%) 601 (26.8) 412 (25.1) 185 (31.8)
Education P < 0.001*
9–12 years (%) 37 (1.8) 8 (0.5) 28 (5.1)
12–14 years (%) 577(27.4) 194 (12.6) 376 (67.9)
14–16 years (%) 1002 (47.5) 887 (57.6) 111 (20.0)
> 14 years (%) 492 (23.3) 452 (29.3) 39 (7.0)
*T-test ** Pearson χ2 testBMC Musculoskeletal Disorders 2007, 8:56 http://www.biomedcentral.com/1471-2474/8/56
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our study population performed heavy physical activity,
the impact of light physical activity should be studied in a
population performing predominantly light activity.
The fact that the significant association between higher
physical activity and less MSD was present when adjusted
for the physical stressors index supports the independent
importance of physical activity versus physical stressors. A
follow-up study by Leino-Arjas [41] found that high phys-
ical strenuousness at work increased the risk of later poor
functioning, whereas physical activity at leisure was pro-
tective. Physical strenuousness could be compared with
heavy lifting and working with the hands above the shoul-
ders. The opposite effects of physical activity and physical
strenuousness on functioning might be similar for the
development of MSD, as our study indicates.
The lack of positive effect of physical activity on MSD in
the knees and feet is supported by studies that demon-
strate physical training as the cause of injuries in the lower
limbs [27,28]. Athletic sports may increase the possibility
of some lower-extremity disorders, and this might coun-
teract the expected effect of physical activity on muscu-
loskeletal health. A study on Australian Defence Force
members found a high frequency of musculoskeletal
problems, especially ankle, knee and spinal strains,
among military personnel compared with a population in
general practice [26]. Other studies have found high rates
of military training-related injuries at or below the knee
[28,29]. A literature study found some evidence that at
least 4 hours per day of heavy physical activity increased
the risk of osteoarthritis of the knees and running at least
20 miles (32 km) per week increased the risk of hip or
knee osteoarthritis [17].
In the Navy, civilians had a higher prevalence of MSD
than military personnel. An association between being a
civilian and having MSD persisted for the neck and lower
back when adjusted for age, gender, physical activity, BMI,
smoking, education and physical stressors. The difference
between civilians and military personnel might be
explained by the selection of military personnel due to
requirements for fitness for duty. The requirement of fit-
ness among military personnel probably leads to a selec-
tion of healthier persons to the military group. Work
factors not included in the analysis, such as psychosocial
factors [5], might also differ among the two groups. This
relationship should be studied further.
The one-year prevalence of 32% of frequent MSD in one
or more parts of the body among workers in the Navy is
rather low compared to other working populations
[40,42,43]. In a study among aluminium workers in Nor-
way using the same questionnaire on MSD, the compara-
ble number was 49% [40]. The working populations both
in the Navy and in the aluminium industry were domi-
nated by men and had the same age. One explanation for
the low prevalence of MSD in the Navy might be less phys-
ical risk factors in the work environment and more physi-
cal activity or exercise at work. Due to the demand of
fitness test for military workers, this occupational group
might differ from other working groups and these popu-
lations cannot be compared directly.
Methodological considerations
The cross-sectional study design does not allow us to draw
conclusions on a causal relationship between physical
activity and MSD. It is not clear whether physical activity
influences the MSD or, conversely, the MSD influence the
Table 2: Workers within each category of physical activity and number (%) of workers with musculoskeletal disorders† (n = 2258).
Neck Shoulders Elbows Hands Upper back Lower back Hips Knees Feet
Physical activity n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Low 308 (100) 48 (16) 54 (18) 14 (5) 22 (8) 28 (10) 57 (19) 32 (11) 39 (13) 20 (7)
Moderate 1469 (100) 147 (10) 172 (12) 39 (3) 52 (4) 83 (6) 193 (13) 65 (5) 109 (8) 56 (4)
High 481 (100) 32 (7) 34 (7) 10 (2) 11 (2) 13 (3) 52 (11) 9 (2) 41 (9) 20 (4)
† often or very often
Musculoskeletal disorders experienced often or very often  the past 12 months stratified by occupational status in the  Royal Norwegian Navy (n = 2250) Figure 1
Musculoskeletal disorders experienced often or very often 
the past 12 months stratified by occupational status in the 
Royal Norwegian Navy (n = 2250).
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amount of physical activity. On the one hand physical
activity might result in less MSD, and on the other hand
MSD might result in less physical activity. However, the
study population consists of people at work, and people
with severe and chronic pain unable to perform physical
activity are probably very few. In any case, a hypothesis
that physical activity prevents MSD should be followed up
by prospective studies.
We are faced with selection bias at two levels. Firstly, the
employees in the army might differ from other workers
due to health certificate requirements (the healthy worker
effect). The healthy worker effect has been shown to sig-
nificantly influence results of cross-sectional studies deal-
ing with low back pain [44]. Secondly, a selection bias due
to the low response of 58% may be present if the non-
responders had a different prevalence of MSD and a differ-
ent degree of physical activity compared with those who
responded. Similarly a different association between
physical activity and MSD for the responders and non-
responders could create such bias. However, the similar
mean age and percentage of women and men among the
respondents compared to the total Navy population may
indicate that the respondents were representative for the
Navy population. In addition, since the survey was part of
a general health survey among employees and not specif-
ically about MSD and physical activity we do not believe
that the selection bias was a major issue.
Physical activity was measured by a questionnaire, and
the validity and reliability of this method may be ques-
tionable [45]. However, a questionnaire may be the only
feasible method of assessing physical activity in large pop-
ulations. We asked about physical activity during work,
and this might include physical activities that both benefit
and harm musculoskeletal health. Anyway, physical stres-
sors, like twisted positions and heavy lifting, was associ-
ated with more MSD, but higher physical activity was
associated with less MSD, also when adjusted for the
physical stressors index. More precise information on the
type of activity could improve the validity for both the
physical activity questions and the questions about phys-
ical stressors. Recall bias and social desirability bias can
lead to misclassification of the amount of activity.
Conclusion
The prevalence of MSD among workers in the Royal Nor-
wegian Navy is relatively low compared with other work-
ing populations. A physically active lifestyle both at work
and at leisure was associated with less MSD in most parts
of the body among both military personnel and civilians.
Prospective studies are necessary to confirm cause and
effect in this association.
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O R  ( 9 5 %  C I )O R  ( 9 5 %  C I )O R  ( 9 5 %  C I )O R  ( 9 5 %  C I )O R  ( 9 5 %  C I )O R  ( 9 5 %  C I )O R  ( 9 5 %  C I )
Neck 0.93 (0.89, 0.97) 1.58 (1.03, 2.42) 1.02 (1.00, 1.04) 3.26 (2.08, 5.11) 1.05 (1.01, 1.10) High vs very low 2.33 (1.40, 3.88)
Very high vs very low 4.27 (2.42, 7.53)
Shoulders 0.94 (0.91, 0.98) 1.03 (1.01, 1.04) 2.41 (1.57, 3.70) High vs very low
Very high vs very low 2.42 (1.45, 4.02)
Elbows 1.03 (1.00,1.06) 0.56 (0.36, 0.86) High vs very low
Very high vs very low
Hands 0.93 (0.88, 0.99) 1.03 (1.01, 1.05) 2.99 (1.58, 5.65) High vs very low
Very high vs very low 2.31 (1.01, 5.23)
Upper back 0.93 (0.88, 0.98) 3.07 (1.75, 5.40) High vs very low 2.14 (1.11, 4.11)
Very high vs very low 2.90 (1.37, 6.13)
Lower back 0.95 (0.92, 0.98) 1.51 (1.04, 2.19) 1.02 (1.01, 1.04) 1.56 (1.01, 2.43) High vs very low 2.36 (1.48, 3.75)
Very high vs very low 4.28 (2.56, 7.14)
Hips 0.90 (0.85, 0.95) 1.06 (1.03, 1.08) 2.57 (1.34, 4.93) High vs very low
Very high vs very low 2.81 (1.28, 6.14)
Knees 1.80 (1.06, 3.05) 1.05 (1.00, 1.10) High vs very low
Very high vs very low 2.46 (1.37, 4.42)
*Adjusted for employment category (military, civilian), age, gender, BMI (body mass index), smoking, education and physical stressors index. Smoking is not shown in the table 
as no significant associations were found.
** often or very often
†Feet are excluded from the table as no significant associations were found.
‡Non significant results are not shown.
aMilitary = 1, civilian = 2. bMale = 1, female = 2BMC Musculoskeletal Disorders 2007, 8:56 http://www.biomedcentral.com/1471-2474/8/56
Page 7 of 8
(page number not for citation purposes)
ences. Nils Magerøy and Bente E. Moen have been paid by
the Royal Norwegian Navy for giving 2–3 lectures annu-
ally at courses being arranged by the Royal Norwegian
Navy.
Authors' contributions
All authors together developed the aim and analytical
approach for this paper.
NM undertook the statistical analyses, and NM and TM
wrote the first draft of the paper.
All authors read and approved the final manuscript.
Acknowledgements
We thank the employees of the Royal Norwegian Navy for participating. 
The Royal Norwegian Navy funded the research programme Health, Safety 
and Work Environment in the Royal Norwegian Navy at the University of 
Bergen.
References
1. Kourinka I, Jonsson B, Kilbom A, Vinterberg H, Biering-Sorensen F,
Andersson G, Jorgensen K: Standardised Nordic questionnaires
for the analysis of musculoskeletal symptoms.  Appl Ergon
1987, 18:233-7.
2. Natvig B, Nessiøy I, Bruusgaard D, Rutle O: Muskel-og skjelet-
tplager i en befolkning. Forekomst og lokalisasjon. [Muscu-
loskeletal  complaints in a population. Occurrence and
localization].  Tidsskr Nor Laegeforen 1994, 114:323-7.
3. de Zwart BCH, Broersen JPJ, Frings-Dresen MHW, van Dijk FJ: Mus-
culoskeletal complaints in the Netherlands in relation to age,
gender and physically demanding work.  Int Arch Occup Environ
Health 1997, 70:352-60.
4. Eriksen HR, Ihlebæk C, Ursin H: Prevalence of subjective health
complaints in the Nordic European countries.  Eur J Public
Health 1998, 8:294-8.
5. Barondess JA: Musculoskeletal disorders and the workplace Washington,
DC: National Academy of Sciences; 2001. 
6. Malchaire J, Cock N, Vergracht S: Review of the factors associ-
ated with musculoskeletal problems in epidemiological stud-
ies.  Int Arch Occup Environ Health 2001, 74:79-90.
7. Punnett L, Wegman DH: Work-related musculoskeletal disor-
ders: the epidemiologic evidence and the debate.  J Electromy-
ogr Kinesiol 2004, 14:13-23.
8. Seefeldt V, Malina RM, Clark MA: Factors affecting levels of phys-
ical activity in adults.  Sports Med 2002, 32:143-68.
9. Dunn AL, Andersen RE, Jakicic JM: Lifestyle physical activity
interventions. History, short- and long-term effects, and rec-
ommendations.  Am J Prev Med 1998, 15:398-412.
10. Burton AK: How to prevent low back pain.  Best Pract Res Clin
Rheumatol 2005, 19:541-55.
11. Warburton DE, Nicol CW, Bredin SS: Health benefits of physical
activity: the evidence.  Can Med Assoc J 2006, 174:801-9.
12. Pate RR: Physical activity and health: Dose-response issues.
Res Q Exerc Sport 1995, 66:313-17.
13. Department of Health and Human Services, Centers for Disease
Control and Prevention, National Center for Chronic Disease Pre-
vention and Health Promotion: Physical Activity and Health: A Report of
the Surgeon General. Atlanta, Georgia 1996.
14. Proper KI, Koning M, van der Beek AJ, Hildebrandt VH, Bosscher RJ,
van Mechelen W: The effectiveness of worksite physical activ-
ity programs on physical activity, physical fitness, and health.
Clin J Sport Med 2003, 13:106-17.
15. Hildebrandt VH, Bongers PM, Dul J, van Dijk FJ, Kemper HC: The
relationship between leisure time, physical activities and
musculoskeletal symptoms and disability in worker popula-
tions.  Int Arch Occup Environ Health 2000, 73:507-18.
16. Hoogendoorn WE, van Poppel MN, Bongers PM, Koes BW, Bouter
LM: Physical load during work and leisure time as risk factors
for back pain.  Scand J Work Environ Health 1999, 25(5):387-403.
17. Vuori IM: Dose-response of physical activity and low back
pain, osteoarthritis, and osteoporosis.  Med Sci Sports Exerc
2001, 33(6 Suppl):S551-86; discussion 609-10.
18. van den Heuvel SG, Heinrich J, Jans MP, van der Beek AJ, Bongers PM:
The effect of physical activity in leisure time on neck and
upper limb symptoms.  Prev Med 2005, 41:260-7.
19. Brukner PD, Crossley KM, Morris H, Bartold SJ, Elliott B: 5. Recent
advances in sports medicine.  Med J Aust 2006, 184:188-93.
20. Fuller CW, Ekstrand J, Junge A, Andersen TE, Bahr R, Dvorak J, Hag-
glund M, McCrory P, Meeuwisse WH: Consensus statement on
injury definitions and data collection procedures in studies of
football (soccer) injuries.  Br J Sports Med 2006, 40:193-201.
21. Bohnker BK, Telfair T, McGinnis JA, Malakooti MA, Sack DM: Anal-
ysis of Navy Physical Evaluation Board diagnoses (1998–
2000).  Mil Med 2003, 168:482-5.
22. Lincoln AE, Smith GS, Amoroso PJ, Bell NS: The natural history
and risk factors of musculoskeletal conditions resulting in
disability among US Army personnel.  Work 2002, 18:99-113.
23. Fabrizio AJ: Work-related upper extremity injuries: preva-
lence, cost and risk factors in military and civilian popula-
tions.  Work 2002, 18:115-21.
24. Balcom TA, Moore JL: Epidemiology of musculoskeletal and
soft tissue injuries aboard a U.S. Navy ship.  Mil Med 2000,
165:921-4.
25. Feuerstein M, Berkowitz SM, Peck CA Jr: Musculoskeletal-related
disability in US Army personnel: prevalence, gender, and
military occupational specialties.  J Occup Environ Med 1997,
39:68-78.
26. Neath AT, Quail GG: A comparison of morbidity in the Aus-
tralian Defence Force with Australian general practice.  Mil
Med 2001, 166:75-81.
27. Almeida SA, Williams KM, Shaffer RA, Brodine SK: Epidemiological
patterns of musculoskeletal injuries and physical training.
Med Sci Sports Exerc 1999, 31:1176-82.
28. Heir T: Musculoskeletal injuries in officer training: one-year
follow-up.  Mil Med 1998, 163:229-33.
29. Kaufman KR, Brodine S, Shaffer R: Military training-related inju-
ries: surveillance, research, and prevention.  Am J Prev Med
2000:54-63.
30. Forsvarssjefen [Chief of Defence]: Tjenestereglement for forsvaret [Serv-
ice manual for defence in Norway]. Gruppe 43. Fysisk fostring i forsvaret
Oslo: Forsvarets overkommando; 1993:430-434. 
31. Holmstrom E, Moritz U: Low back pain – correspondence
between questionnaire, interview and clinical examination.
Scand J Rehabil Med 1991, 23:119-25.
32. Kurze N, Gundersen KT, Holmen J: Selvrapportert fysisk aktiv-
itet i 1980-og 1990-årene – Helseundersøkelsene i Nord-
Trøndelag (HUNT) [Self-reported physical activity in the
1980ies and 1990ies – The North Trøndelag Health Study].
Norsk Epidemiologi 2003, 13:171-176.
33. de Bruin A, Picavet HSJ, Nossikov A: Common instruments for
health for all indicators.  In Health interview surveys: towards interna-
tional harmonization of methods and instruments Edited by: de Bruin A,
Picavet HSJ, Nossikov A. Copenhagen: WHO Regional Office for
Europe; 1996:51-109. 
34. Morken T, Riise T, Moen BE, Bergum O, Hauge SH, Holien S, Lange-
drag A, Olson HO, Pedersen S, Saue ILL, Seljebø GM, Thoppil V: Fre-
quent musculoskeletal symptoms and reduced health
related quality of life among industrial workers.  Occup Med
2002, 52:91-8.
35. Walker-Bone KE, Palmer KT, Reading I, Cooper C: Soft-tissue
rheumatic disorders of the neck and upper limb: prevalence
and risk factors.  Semin Arthritis Rheum 2003, 33:185-203.
36. Treaster DE, Burr D: Gender differences in prevalence of upper
extremity musculoskeletal disorders.  Ergonomics 2004,
47:495-526.
37. Leboeuf-Yde C: Body weight and low back pain. A systematic
literature review of 56 journal articles reporting on 65 epide-
miologic studies.  Spine 2000, 25:226-37.
38. Leboeuf-Yde C: Smoking and low back pain. A systematic lit-
erature review of 41 journal articles reporting 47 epidemio-
logic studies.  Spine 1999, 24:1463-70.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Musculoskeletal Disorders 2007, 8:56 http://www.biomedcentral.com/1471-2474/8/56
Page 8 of 8
(page number not for citation purposes)
39. Dionne CE, Von Korff M, Koepsell TD, Deyo RA, Barlow WE, Check-
oway H: Formal education and back pain: a review.  J Epidemiol
Community Health 2001, 55:455-68.
40. Morken T, Moen B, Riise T, Bergum O, Hauge SH, Holien S, Lange-
drag A, Olson HO, Pedersen S, Saue ILL, Seljebø GM, Thoppil V:
Prevalence of musculoskeletal symptoms among aluminium
workers.  Occup Med (Lond) 2000, 50(6):414-421.
41. Leino-Arjas P, Solovieva S, Riihimaki H, Kirjonen J, Telama R: Leisure
time physical activity and strenuousness of work as predic-
tors of physical functioning: a 28 year follow up of a cohort of
industrial employees.  Occup Environ Med 2004, 61:1032-8.
42. Rosecrance J, Rodgers G, Merlino L: Low back pain and muscu-
loskeletal symptoms among Kansas farmers.  Am J Ind Med
2006, 49:547-56.
43. Holmström E, Engholm G: Musculoskeletal disorders in relation
to age and occupation in Swedish construction workers.  Am
J Ind Med 2003, 44:377-84.
44. Hartvigsen J, Bakketeig LS, Leboeuf-Yde C, Engberg M, Lauritzen T:
The association between physical workload and low back
pain clouded by the "healthy worker" effect. Population-
based cross-sectional and 5-year prospective questionnaire
study.  SPINE 2001, 26:1788-1792.
45. Shephard RJ: Limits to the measurement of habitual physical
activity by questionnaires.  Br J Sports Med 2003, 37:197-206.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2474/8/56/prepub